The acid-base interaction is one of the most important key reactions in analytical chemistry, and various analytical reagents have been developed based on it. In particular, pH indicators can be categorized as reagents that reflect such interactions directly. [1] [2] [3] Among them, fluorescent pH indicators using fluorescein, pyranine, and coumarin fluorophores have been utilized as highly sensitive analytical reagents for measuring intracellular pH.
The acid-base interaction is one of the most important key reactions in analytical chemistry, and various analytical reagents have been developed based on it. In particular, pH indicators can be categorized as reagents that reflect such interactions directly. [1] [2] [3] Among them, fluorescent pH indicators using fluorescein, pyranine, and coumarin fluorophores have been utilized as highly sensitive analytical reagents for measuring intracellular pH.
However, because the pKa values of carboxylic or phenolic hydroxyl functional groups in these reagent molecules are almost from 4 to 9, the adapted pH range of these reagents are limited for itself. Recently, a new class of fluorescent pH indicators based on photo-induced electron transfer (PET) between a mother fluorophore and an amine moiety as both the electron-donor (the quencher) and the proton-acceptor in a molecule has been developed. [4] [5] [6] [7] [8] Even in these cases, the pKa values of their amine moieties in the excited state are not very different from those in the ground state. Therefore, their operating pH ranges are essentially dependent on the basicity (pKa ≈ 6 -7) of such amine moieties. In addition, their fluorescence spectra observed in the acid-base reaction, such as protonation, would be monotonous without remarkable shifts in the emission or excitation wavelengths, because of the recovery of the fluorescence attributed to a mother fluorophore. For example, how can the stronger acidity beyond pH be determined? One method is to use the Hammett acidity function, H0, which is a reliable indicator for determining strong acidity. 9, 10 For this purpose, various toluene or aniline derivatives with nitro functional groups have been used as weak-base indicators for strong acids or superacids, and the acidity of such acids can be determined by measuring the absorption spectra of their protonated forms. However, a very convenient and highly quantitative measurement of a particular strong acid, itself, or its concentration using fluorescent compounds, has not been reported. We report herein on preliminary results of the specific fluorescent response behavior of N-methylacridone fluorophore 1 induced by an acid-base interaction with methanesulfonic acid (CH3SO3H) in methanol. emits strong deep-blue fluorescence with a high fluorescence quantum yield of 0.45 in metanol. By the addition of CH3SO3H, the fluorescence intensity of 1 at 426 nm gradually decreased, and a new emission band appeared at around 473 nm with an isoemissive point at 456 nm. The absorption spectra of 1 were little affected upon the addition of CH3SO3H, indicating no interaction between 1 and CH3SO3H in the ground state. In contrast, the intensity at 426 nm in the fluorescence excitation spectra of 1 gradually decreased with an increase of the CH3SO3H concentration while monitoring its emission at 473 nm. As these spectra changed, the fluorescence color of the solution drastically changed from deep blue to whitish blue upon being excited at 365 nm on a transilluminator apparatus. Then, the fluorescence response behavior of 1 for various organic acids was examined. Figure 2 shows the fluorescence response efficiency against the pKa of organic acids using the fluorescence intensity at 426 nm of 1.
Although the fluorescence of 1 was scarcely affected by the addition of acetic acid, its halogenated derivative induced small fluorescence spectral changes. On the other hand, sulfonic acids showed larger fluorescence spectral changes than those of acetic acid derivatives. In particular, CH3SO3H, which is one of the strongest organic acids, and has a lower pKa value of -1.19, induced the greatest fluorescence spectral changes. From the plots in Fig. 2 , it was found that the stronger is the acidity of acids (see pKa), the greater is the fluorescence response of 1. Although the fluorescence response mechanism of 1 for CH3SO3H is not yet clear, it is likely that the Lewis acid-base interaction between the carbonyl group in 1 and CH3SO3H would be promoted in the excited state, resulting in such fluorescence spectral changes with a red-shift due to the intramolecular charge-transfer complex, which was predicted from observing the isoemissive point in their fluorescence spectra. Recently, Fukuzumi and coworkers reported that the complexes of 1 with Lewis metal ions, such as Sc 3+ and Y 3+ , caused red-shifts of the fluorescence maximum of 1.
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Essentially, our results may be interpreted as being the same Lewis acid-base interaction mechanism.
On the other hand, the fluorescence spectral changes shown in Fig. 1 seem to be practical for the analytical detection of CH3SO3H because of the selectivity for CH3SO3H and their ratiometric spectral changes. Figure 3a shows the changes of the fluorescence intensities both at 426 and 473 nm against the CH3SO3H concentration. In the range of 10 -5 to 10 -1 M of the CH3SO3H concentration, the fluorescence intensities at 426 nm of 1 decreased, whereas they increased at 473 nm complementarily, and the plotting of a ratio of fluorescence intensities (R) at both wavelengths and the CH3SO3H concentration gave a good straight line with a correlation coefficient (r) of 0.9995 (Fig. 3b) . The above results strongly suggest that N-methylacridone 1 is a candidate novel fluorophore, which can show specific responses to stronger acids, such as CH3SO3H, and output its concentration as ratiometric fluorescence spectral changes. Therefore, it will be possible to detect a particular acid in the mixture of acids selectively using this system. Further studies involving the detailed response mechanism of 1 and the related compounds are now in progress.
